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CONCERNING THE POSSIBILITY  OF  AN ANTIBODY FOR 
THE TETANOPHILE  RECEPTOR  OF ERY- 
THROCYTES: A  RECEPTOR  STUDY. 
BY  H.  T.  RICKETTS, CHICAGO. 
(From the Pathological Laboratory ol the University  of Chicago.) 
In  the  Transactions  of  the Chicago  Pathological  Society,  vol. 
vi, p.  237,  19o4,  I  gave  a  brief  summary of  some experiments, 
the object of which was to determine the ability or inability of 
various receptors to  cause  the formation of specific antibodies. 
We  are  accustomed to say that those receptors of erythroeytes 
with which the  hemolytic amboceptors unite in  the process  of 
hemolysis or in the binding experiment, are the particular con- 
stituents  of  the  corpuscles  which  cause  the  formation  of  the 
amboceptors  when  the  cells  are  injected  into  the  body  of  an 
animal.  The  amboceptors are  in  this  sense  antibodies  for  the 
corresponding receptors of the erythrocytes.  Similarly, the re- 
ceptors of corpuscles with which agglutinin unites, and those of 
bacteria with which the  bactericidal  amboceptors  and  the  ag- 
glutinating bodies unite,  have  as  their  specific  antibodies  the 
hemagglutinin, the bactericidal amboceptors, and the bacterium- 
agglutinin respectively. 
The  question  arises:  Is  this  a  general  law?  Are  all  bodies 
which function as receptors capable of giving rise to the forma- 
tion of specific antibodies when they are injected into a  foreign 
species ? 
The question has appeared to the writer  to be  one  of funda- 
mental  importance,  especially  as  it  would  seem  to  have  a 
direct  bearing  on  the  ability  of  certain  pathogenic  bacteria 
to  give  rise  to  the  formation of  antitoxins.  The  body  of  the 
typhoid bacillus contains a  toxic substance which we reasonably 
suppose to be the pathogenic constituent of the organism.  Yet 
immunization  with  this  toxin-containing  bacterium  does  not 
35t 352  An Antibody for  the  Tetanojohile Receptor of Erythrocyte~ 
cause  the  formation  of  an  indisputable  typhoid  antitoxin. 
One may assume, on the one hand,  that  the specific toxic  sub- 
stance  of the  typhoid  bacillus  is  a  true toxin,  with  a  hapto- 
phorous  and  a  toxophorous  group,  but  that  the  conditions in 
the body are such that a  specific  antitoxin  cannot  be  formed. 
The  same  argument  naturally would  apply  to  several  other 
pathogenic organisms.  Food-stuffs, and various constituents of 
cells are present in the body continuously, which,  according to 
the  theory  of  Ehrlich,  may be  taken  up  by  the  receptors of 
the cells, but for which it is thought antibodies do not  develop 
(horror autotoxicus).  The particular receptors with which these 
substances  unite  may  not  be  over-produced.  It  is  with  re- 
ceptors of this  nature that  a  typhoid toxin, for example, may 
unite and yet not  stimulate  to  the  formation of typhoid  anti- 
toxin.  On  the  other  hand  it  is  possible  that  the  essential 
pathogenic substance of the bacillus is not a  toxin in the sense 
of Ehrlich. 
It is the purpose in this paper to present the results obtained 
in  an  attempt to  demonstrate the  presence  or  absence,  in  an 
immune  hemolytic serum,  of  an  antibody  capable  of  uniting 
with  those receptors of erythrocytes for which tetanolysin has 
an affinity.  We may speak of these receptors as the tetanophile 
receptors of the  erythrocytes;  of those with which the  hemo- 
lytic amboceptors unite as the serum-lysophile receptors, and of 
those with which serum agglutinin unites as the serum-agglutino- 
phile receptors. 
It must  be frankly  stated at the outset that the results ob- 
tained  throw  no light on the question  which  was proposed,  yet 
it is thought  that  the  conditions  chosen  for  the  experiments 
and  the  difficulties  which  have  been  encountered  should  be 
published. 
If an  antibody  for the tetanophile  receptor  is formed  when 
red  blood  corpuscles  are injected  into  an  animal,  the  process 
according  to  the  theory  of  Ehrlich  would  be  the  following: 
When  the erythrocytes  are injected  they  disintegrate,  are dis- 
solved  or  digested,  the  receptors  being  thus  liberated.  The 
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group  of cells which  contain  molecules  or receptors  with  which 
the former could unite.  In accordance  with the general law the 
latter would  then  be  stimulated  to over-production  and  many 
of them  thrown  into the general  circulation.  When  the serum 
of the  immunized animal is  collected and mixed with erythro- 
cytes  of  the  type  injected,  the  antibodies  for  the  tetanophile 
receptors should unite with the latter as  they exist in the red 
corpuscles.  What might follow this union would depend on the 
character  of  the  antibody.  Inasmuch  as  hemolysis  and  ag- 
glutination  are  the  only  reactions  observable  when  corpuscles 
and serums are mixed, it could not be stated definitely that an 
antibody for the tetanophile receptor would not be able to cause 
solution of the  corpuscles or their agglutination.  In  this  case 
the antibody would be a  receptor of the second or third order, 
since  it  would  be  possessed  of  a toxophorous constituent.  If, 
however, it were a receptor of the first order it would be passive 
in  its  nature,  since  such  receptors  possess  no  ferment-like or 
toxic action. 
For  the purpose  of the experiments  it was  assumed  that an 
antibody  for the tetanophile  receptor would unite with the latter 
and thus make  impossible  the anchoring  of tetanolysin,  just as 
inactive  agglutinoids  unite  with  the agglutinophile  receptors 
of bacteria  and  stand  in the  way  of subsequent  union  of the 
latter with  active agglutinin.  Under  the assumption,  the anti- 
body  in  question  and  the  tetanolysin  molecule  would  have 
identical haptophore  groups.  It is appreciated  that even if the 
supposed  antibody  is  formed,  difficulties  might  stand  in  the 
way  of its demonstration  by  the method  chosen.  In the first 
place, the heating of the senma, which was found to be necessary 
in order to destroy its hemolytic  power, might  destroy  the anti- 
body.  Again,  special temperature  conditions,  other than  those 
utilized,  might  be  necessary  for union.  Or  union  having  oc- 
curred, it might  be  an  easily  dissociable  one;  the  tetanolysin 
might  have  a greater  affinity for the tetanophile  receptor  than 
the  antibody  has,  and  on this account  be able to displace  the 
latter, or the union might  be dissociated by subsequent  washing 
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The  method  of  experimentation  consisted  of  exposing  a 
definite quantity of washed erythrocytes to the action of varying 
quantities  of the heated immune hemolytic serum for different 
lengths of time  and  at  different temperatures,  after  which the 
serum was  partially  or totally removed by  centrifugation,  and 
the effect of tetanolysin then observed on the corpuscles.  The 
heating of the immune serum was found to be necessary inasmuch 
as I  did not succeed in preventing some subsequent hemolysis in 
the  binding experiment with unheated serum at  low tempera- 
tures.  When such hemolysis occurred it naturally rendered an 
estimation of the action of the tetanolysin impossible.  Normal 
serums used as controls were treated in the same way. 
Inasmuch as the tetanophile and the serum-lysophile receptors 
are  not  identical,  it  was  assumed  that  the  absorption  of  the 
amboceptors did not prevent subsequent fixation of the tetano- 
lysin by  the  tetanophile receptors.  If  the  two receptors  were 
identical, antitetanolysin should  have  a  haptophore  capable  of 
uniting  with  the  cytophilous  haptophore  of  the  amboceptor, 
Experiments  showed  that  heated  normal  goat  serum,  rich  in 
antitetanolysin, when added to fresh immune hemolytic serum 
from the goat, did not reduce the dissolving power of the latter 
serum.  For a  similar reason it was concluded that the tetano- 
phile receptor is not identical with the agglutinophile receptor. 
The  first  important  complication which  developed consisted 
of agglutination of the corpuscles by the serum.  Although the 
agglutinated mass could be broken up into very fine particles by 
pipetting  the  solution  back  and  forth,  nevertheless  such  cor- 
puscles often sank  to  the bottom readily and became reagglu- 
tinated.  The mere sedimentation of the corpuscles renders them 
physically less accessible to the action of the tetanolysin.  It is 
possible also that the alteration of the envelope of the corpuscle 
which  seems  to  occur  in  agglutination renders  them  less  sus- 
ceptible to the action of a hemolytic agent.  Corpuscles (guinea- 
pig)  which have  been  agglutinated by ricin  or  abrin  are  to  a 
large  degree  protected  from  the  hemolytic action  of  saponin, 
although  they  are  readily  hemolyzed when  distilled  water  is 
added.  The  smaller the  amount  of  ricin used  the greater the H.  T.  Ricketts  355 
hemolysis which occurs when saponin, not a  true toxin, is added 
subsequently. 
TABLE  I. 
THE  EFFECT  OF  SAPONIN ON  CORPUSCLES WHICH  WERE  AGGLU- 
TINATED  BY  RICIN. 
Ricin and saponin,  each,  0.2  %  solution;  5 %  emulsion of washed guinea- 
pig  erythrocytes in  0.85  %t  salt  solution;  corpuscles  and  ricin  at  37 °  for 
thirty  minutes;  ricin  removed  by  repeated  centrifugation;  o.i c.c.  saponin 
solution added. 
P~icin. 
1.0  C.C. 
o.5 
0.3 
O.I 
0.0 5 
0.0  3 
O.OI 
0 
Agglutination. 
Complete 
ii 
Partial 
4~ 
O 
Saponin.  Hemolysis. 
o.x c.c.  Trace. 
"  Slight. 
"  Moder£te. 
"  Marked. 
"  Complete. 
1 Throughout the experiments 0.85  %  salt solution and i  c.c. of a  5 %  emul- 
sion of erythrocytes were used.  Total volume in all tubes was 2 c.c. 
Here also there may be  chemical or physical changes in  the 
envelope, or the union of hemoglobin with the stroma may be 
made more firm by the action of the ricin, but the physical pro- 
tection of agglutination cannot be disregarded. 
Guinea-pig  erythrocytes  which  are  treated  with  a  heated 
immune hemolytic serum (rabbit)  are also made resistant to the 
action  of  saponin,  the  corpuscles  having been  strongly  agglu- 
tinated by the serum. 
EXPERIMENTS  WITH  SAPONIIq  AND  TETANOLYSIN. 
I.  Control:  corpuscles were  completely  hemolyzed  by  o.i c.c.  saponin 
solution in  a  few minutes. 
2.  Erythrocytes  were  treated  with  0. 3 c.c.  heated  immune  serum  for 
thirty minutes;  washed free of serum;  o.i c.c. saponin solution:  no hemolysis. 
These corpuscles may subsequently be hemolyzed by distilled water. 
3.  Corpuscles without saponin or serum show no hemolysis. 
4.  Non-agglutinating normal serum gave no protection. 
The  following  is  an  analogous  experiment  performed  with  the  heated 
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I.  Control:  o.6 c.c.  of  0.2  %  tetanolysin  solution  hemolyzed  the  cor- 
puscles of guinea-pig completely in thirty minutes. 
2.  Corpuscles without tetanolysin or serum show no hemolysis. 
3.  Corpuscles  treated  with  0. 3 c.c.  serum  for  thirty  minutes;  serum 
removed  by  washing;  o.6 c.c.  tetanolysin  solution:  no  hemolysis  in  twenty- 
four  hours.  The  corpuscles  were  shaken  and  the  clot  broken  up  repeatedly 
during this time.  These  corpuscles were  subsequently hemolyzed  by distilled 
water. 
4.  Non-agglutinating normal serum afforded no protection. 
In  view  of  the  evident influence of  agglutination  as  a  pro- 
tective  condition against  the  action  of hemolyzing substances, 
the  protection  obtained  in  the  experiment  last  cited  cannot 
logically  be  assigned  to  a  preoccupation  of  the  tetanophile 
receptors. 
More recently experiments have been resumed using a  heated 
hemolytic serum obtained from the goat by immunization with 
the  erythrocytes  of  the  sheep.  A  serum  rich  in  hemolytic 
amboceptors, but poor in agglutinins, is obtained, as pointed out 
by Ehrlich and Morgenroth.  It was thought that agglutination 
as a  complicating factor might be eliminated by the use of this 
serum.  This proved not to be the case. 
Apparent protection was obtained in many experiments, even 
when the agglutination caused by the serum was slight, as shown 
in Table II.  The serum (Goat i)  and blood, thoroughly mixed 
and  diluted uniformly to  2  c.c.,  were placed at  37 °  for thirty 
minutes.  Tubes  were  centrifugated,  and  the  overlying  fluid 
drawn  off, leaving  a  total residue of about  one twentieth of a 
cubic centimeter.  The tetanolysin  (i.o  c.e. of a  0.2% solution) 
was  then  added,  each tube diluted to 2 c.c.  and the corpuscles 
thoroughly mixed by pipetting back and forth.  That the agglu- 
tinated  corpuscles were largely separated in this way is shown 
by microscopic examination, in which no more than three to six 
corpuscles were  grouped together.  Tubes were examined after 
twenty-four hours. 
The  following experiment  seems to  lose  significance when a 
duplicate, in which the serum was  still  further removed by an 
additional washing, showed that the immune serum had no,  or 
little,  more  protective  action  than  the  normal  serums.  Yet H.  T.  Ricketts  357 
inasmuch as in this experiment two normal serums were used as 
controls,  and the latter  showed a  lower protection than  the im- 
mune serum, there must have been present some property in the 
immune  serum,  which  in  the  normal  serums  was  absent,  or 
present in lower concentration. 
TABLE  II. 
THE  ACTION  OF  TETANOLYSIN  ON  SHEEP'S  ERYTHROCYTES 
WHICH  HAD  BEEN  TREATED  WITH  HEATED  IMMUNE 
HEMOLYTIC  SERUM  FROM  THE  GOAT. 
IO 
II 
12 
I3 
14 
I5 
I6 
I7 
Immune 
serum. 
o.8 
o.6 
o.4 
0.2 
O.I 
O. 
O. 
Norm,  Set. 
No.  i. 
0. 4 
0.2 
o.I 
o• 
O. 
Tetano-  Norm•No. 2.Ser"  lysin.  Hemolysis• 
...  i.o  No  hemolysis• 
"  Slight. 
;s  ,, 
...  "  No  hemolysis. 
"  Slight 
;d  " 
•..  "  Trace. 
...  ::  Slight. 
O.4 
• ..  "  Trace• 
•..  "  Moderate• 
o.2  "  Marked• 
&  Mnd~r~*o 
l  g  •..  MarKea. 
O•I 
o.  Complete• 
o.  No  hemolysis• 
There  are  two  possibilities  by way  of  explaining  the  loss  of 
protection  occasioned by the  washing,  aside  from  the  influence 
of agglutination.  In the first place, an antibody for the tetano- 
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serum  mixture,  but  the  dilution  involved  in  the  washing  may 
cause  dissociation  of  the  union,  so  that  after  the  second  cen- 
trifugation  the tetanophile  receptors may again  be available  for 
union with  tetanolysin.  In  the  second place,  some  other  pro- 
tective  factor may be  present  in  both  the  immune  and  normal 
serums,  and  in  a  particular  experiment  might  be present  in 
greater  concentration  in  the  immune  serum  than  in  the  two 
normal  serums.  Antitetanolysin,  or some substance  of equiva- 
lent  power, as cholesterin,  may be  present in the minute residu- 
um  of  serum  left  in  the  original  tubes, and  it might in a  given 
instance  be  present  in  greater  quantities  in  the  immune  serum 
than  in  the  normal.  The  corpuscles  treated  with  the  immune 
serum  would in  this  instance  be  protected  to  a  greater  extent 
than  those treated with the normal serum.  If the serum left in 
the  sediment after the  first centrifugation  is  0.008  c.c.  (estima- 
ted),  a  subsequent washing  in 2 c.c. of salt  solution  reduces the 
residual  serum  to  a quantity which  has  no  antitoxic  effect  on 
the amount of tetanolysin used, as shown by experiments. 
Inasmuch  as  various  quantities  of  serum  were  used  in  the 
different  tubes, a  higher  degree  of  protection,  which  the  larger 
amounts  of serum may have  afforded,  might  be referred  to  the 
larger amount of antitoxin present in those tubes.  To eliminate 
this  factor  the  amounts  of  residual  serum  in the various tubes 
were  equalized  by washing  with  proportionate  amounts  of salt 
solution  (Table  liD. 
Since  a  large  proportion  of the  protection  in A  was removed 
by the washing,  there  must  be  present  a  soluble antitoxic  sub- 
stance in the serum. 
If we assume that the inhibition of tetanolysin hemolysis in the 
above experiment  was due to two factors,  agglutination  and  an 
antitetanolytic  property in  the  serum,  and  that  in  the washing 
the  antitetanolysin  was equalized,  we have the following values 
for the two factors in those tubes in which o.6 c.c. of serum was 
used : 
Total inhibition  9o %  80 %  40 %  3 °  % 
Antitoxin inhibition  70 %  7  °  %  40 %  3 °  070 
Agglutination inhibition  20  070  IO  070  .o  o H.  T.  Ricketts  359 
These percentages are only of comparative value, inasmuch as 
somewhat more than  the  simple dissolving dose of tetanolysin 
was used, and at the same time the antitetanolysin in the different 
tubes was equalized but not entirely removed. 
TABLE  Ill. 
A.--Corpuscles  of  the  sheep  exposed  to  action  of  immune  serum  from  the 
goat,  tubes  centrifugated,  overlying  fluid  drawn  off;  corpuscles  not  washed; 
tetanolysin is I.O c.c.  of a  0.2 %  solution. 
Serum 
amount. 
0.6 c.c. 
o.4 
0.2 
O.I 
O 
Subsequent hemolysis by tetanolysin. 
Immune Ser. 
No.  I. 
IO 
25 
75 
Immune  Ser. 
No.  2. 
2o % 
3 ° 
60 
IO0 
Control:  Ioo % 
Nor.  Set. 
NO.  I. 
60  % 
80 
IO0 
IO0 
Nor.  Set. 
No.  2. 
70 % 
IO0 
IO0 
IO0 
B--Duplicate of the above except that the quantities of residual serum in the 
different tubes were equalized by washing with proportionate amounts of salt 
solution. 
I 
Serum.  washing.  Salt  used  sol.  in 
o.6 c.c.  I  2.4 c.c. 
0.4  1.6 
0.2  .8 
o.i  .4 
O  O 
Subsequent hemolysis by tetanolysin. 
Immun.  Ser. 
No.  i. 
80 % 
80 
I00 
I0O 
Immun.  Set. 
NO.  2. 
90 % 
80 
9 ° 
IO0 
Control:  IO0 ~O 
Nor.  Ser. 
No.  i. 
IO0~ 
IO0 
IO0 
IO0 
Nor.  Ser, 
No.  2. 
1oo% 
IO0 
IO0 
IO0 
The  corpuscles  treated with the immune serums were rather firmly aggluti- 
nated. 
Nothing is  deducible  concerning the  presence  or  absence  of 
an  antibody  for  the  tetanophile  receptor.  Any  possible  pro- 
tection  afforded  by  the  presence  of  this  antibody cannot  be 
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Something  might be learned concerning the nature of the pro- 
tection by fractional absorption  of the immune  bodies from the 
serum, and testing the action of tetanolysin on the erythrocytes 
which were used for the removal  of the  successive  fractions  of 
immune bodies.  Quantities of 0.6, 0.4, 0.2, o. i  c.c. of the different 
serums were diluted to 2 c.c. each, and the contents of each tube 
added  to  the  sediment  of  ~  c.c.  of  the  5 %  blood  emulsion. 
After thirty minutes at room temperature the tubes were centrifu- 
gated,  the  overlying  fluid  drawn  off  and  put  into  fresh tubes, 
while to the sediment was added the usual amount of tetanolysin 
in a  total volume of 2 c.c.  The serum dilutions  were then sub- 
jected to the absorbing powers of a  second mass of corpuscles of 
equal  amount  and  the  process  repeated  over  four  absorptions, 
the  hemolytic  power of the  tetanolysin  being  tested  on the  red 
blood  corpuscle  sediments of each series.  At  the  same  time  a 
series  of  tubes  was  made  to  determine  the  relative  antitoxin 
content of each of the serums  (Table IV, A  and B). 
There  are three  sources of error which may be responsible for 
some variations  in  the percentages  of hemolysis in the  different 
tubes  and  in  the  different  series  in  A.  First,  after  the  cor- 
puscles  were  exposed to  the  action  of the  serum  and  the  tubes 
were  centrifugated,  the  overlying  serum  mixtures  were  drawn 
off as  completely as possible by means  of a  glass pipette  which 
was  drawn  to  a  fine point;  in  spite  of care  the  amounts  of  re- 
sidual  serum in the  different  tubes were undoubtedly subject to 
variations,  so that  Tube  i,  for  example,  in  the  column  headed 
"Immune  Serum  No.  i,"  might  contain  in  the  different  series 
variable amounts of residual serum--that  is, variable amounts  of 
antitoxin  along  with  other  serum  constituents.  Second,  the 
completeness  with  which  the  agglutinated  corpuscles  in  the 
tubes treated with the immune serums were broken up, probably 
was not  constant  in spite of caution.  Third, the experiment oc- 
cupied a  whole day and  the  tetanolysin  lost  a  small  percentage 
of its strength during that time, although it was kept on ice when 
not in use. 
Analysis  of  the  columns  headed  "Normal  Serum,"  in  which 
agglutination  was  absent,  shows that  although  a  moderate  loss H.  T.  Ricketts  361 
TABLE  IV. 
A.--The  effect  of  tetanolysin  on  corpuscles which  have  been  used  for  the 
fractional absorption of antibodies from the serums. 
FIRST  SERIES. 
Immune Serum No.  x.  I  Immune Serum No.  3.  Nor. Ser. No.  *.  Nor. Set.  No.  2, 
Agglut. by 
serum. 
Firm 
Less 
'Marked  i 
! 
51 
I 
Hernol. by  Agglut. by 
toxin,  serum. 
! 
IO  Very firm 
io  Less 
2S  ~' 
75  Firm 
Hemol. by 
toxin. 
q 
Agglut. by i Hemol. by 
serum,  toxin. 
20  o  60 
3 °  "  80 
60  "  IO0 
I00  I00 
No serum,  1oo %  hemolysis:  --Control. 
Agglut.  Hemol. 
byserum, by toxin 
o  7 o 
~  I00 
((  I00 
IO0 
SECOND  SERIES. 
i  Gradually 
2 less from 
II  to  4 
I 5  Gradually 
2 o  decreased, 
more than 
20  bylm- 
75  mune  Ser- 
um  No.  I. 
35 
65 
I00 
I00 
i  Gradually 
2 less from 
31to3 
4 No agglut. 
IO 
25 
65 
80 
THIRD  SERIES. 
Gradually  75 
less from  io9O 
i  to 4  ioo 
7  ° 
85 
IO0 
I00 
9  o 
9  ° 
IO0 
I00 
7o  o  80 
9o  "  ioo 
IO0  IO0 
IO0  IO0 
FOURTH  SERIES. 
i  No  agglut,  io  95  I  [  Moderate  o  7 o  o 
2 No  agglut.[  15  Agglut.  95  "  -.  " 
3No  agglut.,  55  Sli  ,ght  ioo  [  "  ioo  I  " 
4 No  agglut.  65  1oo  1oo 
B.--Antitetanolysin  in the four serums. 
80 
IO0 
IO0 
IO0 
One  cubic  centimeter  of  a  o.2 %  solution  of tetanolysin  is  mixed  with  the 
quantities of the serums stated in the table, in a  total volume of 2.o c.c.  After ;562  An Antibody for  the  Tetanophile Receptor of Erythrocytes 
two hours' contact at  room temperature the  contents of each tube is added  to 
the red corpuscle sediment of  i.o c.c.  of the  5 %  blood suspension. 
Serum 
.oo5 
.oo45 
.oo4 
.oo35 
.oo3 
•  0025 
.002 
•  OOI  5 
.OOI 
•  OO05 
Immune  Ser. 
No.  L 
2o  5o 
20  60 
25  70 
3 o  70 
35  75 
45  9 ° 
65  Ioo 
85  " 
9 ° 
9 ° 
o  Control:  Ioo %. 
Nor.  Ser. 
No.  i. 
Immune  Set. 
No.  2. 
45 
55 
70 
75 
75 
9 ° 
IOO 
Nor.  Ser. 
No.  2. 
6o 
6o 
6o 
65 
7o 
75 
9 ° 
9 o 
95 
IO0 
in the protection of the corpuscles takes place as absorption con- 
tinues,  the  degree  of  protection  corresponds  to  the  relative 
amounts of antitoxin in the  two serums as  shown in the  anti- 
toxin table.  All,  or nearly all,  the  protection may reasonably 
be assigned to the antitoxin.  Inasmuch as the total volume of 
the sediment and residual fluid in each tube was about 0.0 3 c.c., 
the  antitoxin was  diluted  by  that  much each time  the  serum 
mixture was added to a fresh lot  of corpuscles.  This, however, 
amounts to  a  loss  of only about  o.2 S %  from the  first  to  the 
third  series  and  is  a  negligible quantity.  The  corpuscles  also 
may have absorbed some of the  antitoxin,  a  possibility which 
was not determined. 
Analysis of the columns headed "Immune Serum," in which 
agglutination was present,  shows a  great loss  of protection be- 
tween the first series and the third, and the loss is more uniform 
and greater with the serum which had the higher agglutinating 
power;  hand  in  hand  with  the  loss  of  protection is  the  pro- 
gressive  decrease in  the  agglutinating  power  of  the  serum  as 
absorption  continues.  The  greater  protection  with  Immune 
Serum No.  ~, which was present in spite of its  lower agglutinat- 
ing  power,  is  explained  when  we  note  its  greater  antitoxic 
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This experiment, then, and duplicates which have been made, 
afford no clue as to the presence of an antibody for the tetano- 
phile  receptor;  the  protection  which  was  encountered is  ex- 
plainable on the basis either of agglutination or antitoxin action. 
Other  experiments were  performed with  the  view  of  deter- 
mining more exactly the antitoxic value of the residual serum in 
the  different  tubes.  The  results  showed  that  in  ttie  case  of 
normal serums the antitoxin of the residual serum accounted for 
practically all of the protection, while in the case of the immune 
serums in which some agglutination had occurred, the calculated 
amount of antitoxin did not account for all the protection.  The 
difference in  protection by  the  two  immune serums used  cor- 
responded to the differences in the agglutinating and  antitoxic 
powers of the two serums.  Here also no means developed of dis- 
tinguishing an  antibody for the  tetanophile receptor from  the 
agglutinating and  antitoxic  powers  of the  serums.  Attempts 
to  eliminate agglutinin by heat  failed as the  serums produced 
some  agglutination even after exposure  to the  temperature of 
coagulation. 
SUMMARY  AND  CONCLUSIONS. 
The treatment of washed erythrocytes of the guinea-pig by a 
heated immune hemolytic serum derived from the rabbit,  and 
of washed erythrocytes of the sheep by a  similar serum derived 
from the goat, renders the erythrocytes more or less resistant to 
the subsequent action of tetanolysin. 
If  all  the  serum is  removed from corpuscles treated in  this 
manner, it can be determined that some of the protection is due 
to  the  agglutination  of  the  cells.  A  certain  amount  of  the 
protection afforded by agglutination is referable to the physical 
barrier which the agglutinated mass of cells offers to the uniform 
distribution  and  diffusion  of  the  tetanolysin.  It  is  probable 
that none of the protection obtained is due to the mere union of 
agglutinin  or  of  hemolytic amboceptors  with  their  respective 
cell-receptors;  such union would appear to leave the tetanophile 
receptors still unoccupied. 
If a  residuum of serum is left with the corpuscles which have 364  An Antibody for  the  Tetanophile Receptor of Erythrocytes 
been treated as indicated, the added protection which is acquired 
against the  subsequent  action of tetanolysin  may  reasonably  be 
referred  to  antitoxin  which  is present  in  the  residual  serum. 
The possibility of the dissociation of a union between  the tetano- 
phile receptor  and  its antibody,  occasioned  by  the dilution  in- 
cident to washing  away  the serum,  may  not be entirely ignored, 
but  has not been susceptible  to determination.  The  same  may 
be  said  of the  possibility  that  tetanolysin,  having  a  stronger 
affinity for the  tetanophile  receptor  than  has  the  antibody,  is 
able to displace the latter from its union with the receptor. 
Hence  treating corpuscles  with  the immune  serums  does  not 
allow  one to determine  the presence  or absence  of an antibody 
for the tetanophile  receptor,  the experiments  being  formulated 
on the supposition  that such an antibody  would  unite with the 
tetanophile  receptors  and  thereby  prevent  subsequent  binding 
of tetanolysin. 